Conclusions-Unlike previous investigations, no clear prognostic value for the AgNOR count was found in multiple myeloma. Instead, the results indicate that the AgNOR count might be an index for M protein synthesis rate. This is consistent with other findings in tissues with low proliferative potential and high protein synthetic activity, and calls for a cautious interpretation of AgNORs in malignancies with similar features. (J Clin Pathol 2000;53:462-465) 
Nucleolar organiser regions (NORs) are DNA sequences on the short arms of acrocentric chromosomes, which encode ribosomal RNA. 1 Owing to their argyrophilic nucleoproteins, silver stained NORs (AgNORs) can be visualised in routine histological or cytological preparations as black or dark brown dots in the interphase nucleus. 2 AgNOR frequency is considered to be an index of transcriptional activity and hence a measure of the cellular mitotic potential. 3 The mean number of AgNORs in each nucleus (AgNOR count) is now widely used in tumour pathology as a diagnostic and prognostic marker, [4] [5] [6] because it can discriminate between malignant and benign or reactive proliferations, and has been shown to correlate well with the degree of aggressiveness and patient survival in many diVerent cancers, including haematological malignancies. [7] [8] [9] [10] Multiple myeloma is a neoplasia of the B lymphocytic lineage characterised by lytic bone lesions, proliferation of plasma cells in the bone marrow and extramedullary sites, and high concentrations of a monoclonal immunoglobulin (M protein). Although the disease is currently incurable, there is considerable variation in outcome, with some patients dying within a few months from diagnosis, whereas others survive for up to a decade, or even longer. Despite intensive eVorts, the prognostic markers investigated so far have failed consistently to identify patients at a higher risk, who would benefit from a more aggressive therapeutic intervention, or those with a slower progression, in whom a gentle initial approach is appropriate. Therefore the continuing search for parameters with a higher prognostic value is mandatory.
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In this retrospective study, we have investigated the prognostic value of the AgNOR count in multiple myeloma by estimating the mean number of AgNORs in each plasma cell in bone marrow smears at diagnosis, and testing for a possible association with major clinical and laboratory variables and with outcome.
Materials and methods

PATIENTS AND DATA
Our study comprised 55 patients with multiple myeloma (37 men, 18 women), with a mean (SD) age of 59.9 (11.1) years (median, 61; range, 28-86). The diagnosis was based on the criteria of the chronic leukaemia-myeloma task force, 12 thus excluding cases of "smouldering" myeloma. All patients were initially treated with melphalan and prednisone, or the VAD regimen (vincristine, doxorubicin, and dexamethasone intravenously every four weeks), and those achieving partial or complete remission were given interferon as maintenance until relapse. Clinical stage and substage (Durie-Salmon system), 13 heavy and light chain isotype, scale of skeletal lesions, bone marrow infiltration rate, M protein concentration, haemoglobin concentration, platelet count, serum albumin, calcium, and lactate dehydrogenase (LDH) value, response to initial treatment (according to the criteria adopted by the chronic leukaemia-myeloma task force), 14 first remission duration, and overall survival were retrieved from the patients' files. C reactive protein (CRP) and 2 microglobulin concentrations were determined by immunonephelometry on serum samples stored at −20°C. Tables 1 and 2 show the distribution of these variables within the study population.
AgNOR STAINING AND ESTIMATION
Air dried bone marrow smears, obtained at diagnosis and subsequently stored at −20°C, were processed with the standard one step AgNO 3 stain (2% gelatin, 1% formic acid, and 50% AgNO 3 for 12 minutes at 37°C) 15 and counterstained with haematoxylin ( fig 1) . Cytological preparations of breast adenocarcinoma were used as controls. Two slides for each patient were examined blindly by a cytologist under oil immersion (magnification ×100). For the AgNOR enumeration, all silver precipitates within the nucleus were taken into account, and dots aggregated in clusters were counted as one AgNOR. 16 For all cases, the AgNOR count was calculated as the average from a total of 200 plasma cells. The reproducibility of the counting method was tested in 30 randomly selected smears. Average intraobserver and interobserver variation was 0.56% and 2.43% (maximum 2.14% and 4.65%), respectively.
PLASMA CELL MORPHOLOGY
For the purposes of our study, plasma cell morphology was re-evaluated by a haematologist who examined May-Grunwald-Giemsa stained marrow aspirates under oil immersion (magnification ×100). According to the predominant cell types in the plasmacytic infiltrate, cases were classified into three groups of histological grade, based on a classification system proposed by Bartl et al 
STATISTICS
AgNOR count diVerences among groups were estimated with the student's t test or the one way analysis of variance (ANOVA). The impact on remission duration and overall survival was assessed by the use of the Kaplan-Meier product limit estimates and the log rank test. The association between AgNOR count and other quantitative variables was tested on a linear regression model. Significance was set at p < 0.05 for all tests.
Results
The AgNOR count ranged from 1.2 to 9.1, with the median at 4.4 (mean, 4.72; SD, 1.87), and its distribution was essentially normal. With regard to parameters at presentation, there was a significant association with clinical stage (stage III v stage I, p < 0.001; stage III v stage II, p < 0.02) and with the concentration of M protein (table 1) . On linear regression analysis, there was a significant relation between serum concentration and AgNOR count for both IgG (n = 35; r = 0.450; p < 0.01) and IgA cases (n = 14; r = 0.768; p < 0.002) ( fig  2) .
There was no signification association between AgNOR count and the outcome variables tested (table 2) . Survival for patients with a lower count (< 4.4) was shorter (31.5 v 40 months), but the diVerence did not reach significance (fig 3) . Patients with very short (up to 6 months) or long survival (more than seven years) were evenly distributed between the two groups. 
Discussion
According to previous studies, the mean number of AgNORs in each plasma cell in marrow biopsies is an independent prognostic factor in multiple myeloma. 18 19 The AgNOR count has also been found to correlate well with plasma cell proliferative activity, measured by bromodeoxyuridine or proliferating cell nuclear antigen expression. 20 21 However, another study did not show any diVerence in AgNOR count between multiple myeloma and monoclonal gammopathy of undetermined importance, 22 although it is known that the mitotic potential of the plasma cells is one of the most reliable diVerentiating features of the two conditions. 23 Our data do not allow us to draw conclusions on the association between AgNOR count and proliferative activity in multiple myeloma, but we did not find a clear prognostic value for AgNOR enumeration in our study population. Nevertheless, it must be noted that, unlike investigators reaching a diVerent conclusion, we examined aspirates instead of biopsies and applied a diVerent counting protocol, scoring clusters as one AgNOR instead of trying to identify individual dots within aggregates. These methodological diVerences might have contributed to the discrepancy.
Alternatively, our results suggest that the AgNOR count might be an indicator of the protein synthetic activity of the plasma cells. The concentration of M protein in multiple myeloma is determined by the number of plasma cells in the body, their synthetic activity, and the paraprotein catabolic rate. In vitro studies have shown that the M protein synthesis rate can vary considerably among patients, ranging from 2.5 to 35 pg/cell/day, 24 while an increase of the estimated tumour burden from 0.2 × 10 12 to just over 2 × 10 12 cells/m 2 can often make the diVerence between clinical detectability and death. 25 On the contrary, the catabolic rate is constant for a given M protein type. The two IgA subclasses have the same serum half life (six days), whereas the IgG3 subclass has a shorter half life compared with the other three IgG subclasses (eight instead of 23 days). 26 This fact, together with the lower amount of residual polyclonal IgA in the serum of patients with multiple myeloma, might account for the closer association found in our series between the AgNOR count and M protein concentration in the patients with IgA producing multiple myeloma.
Apart from their role in the control of the cell cycle, NORs are also the templates for the production of ribosomal subunits. In cells heavily engaged in protein synthesis, more NORs will probably be actively transcribed to maintain the great number of ribosomes needed for this process and, hence, more AgNORs will be cytologically demonstrable. 4 5 The value of AgNOR quantification as an index of the protein synthesis rate has been confirmed in a few studies on benign tissues with limited or no mitotic potential. 27 28 In tumours with similar features, the interpretation of the AgNOR count is obviously problematical. 29 Multiple myeloma can be viewed as a unique example of such a neoplasm, 30 because the proliferative activity of neoplastic plasma cells is in most cases very low compared with their enormous synthetic capacity. 24 31 Carefully designed in vitro studies are needed to clarify which of these two cytophysiological attributes is best reflected in the AgNOR count. 
